(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

22.10.2003 Bulletin 2003/43 



ill 

(id EP 1 354 788 A1 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: B62D 6/04 



(21) Application number: 03007896.8 

(22) Date of filing: 07.04.2003 



(84) 


Designated Contracting States: 


• Muragishi, Yuji 




AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Kabushiki K. Toyota Chuo Kenkysho 




HU IE IT LI LU MC NL PT RO SE SI SK TR 


Aichi-gun, Aichi-ken, 480-1192 (JP) 




Designated Extension States: 


• Ono, Eiichi Kabushiki K.Toyota Chuo Kenkysho 




AL LT LV MK 


Aichi-gun, Aichi-ken, 480-1192 (JP) 






• Asano, Katsuhiro 


(30) 


Priority: 08.04.2002 JP 2002104901 


Kabushiki K. Toyota Chuo Kenkysho 


Aichi-gun, Aichi-ken, 480-1192 (JP) 


(71) 


Applicants: 


• Momiyama, Minekazu 


• 


Aisin Seiki Kabushiki Kaisha 


c/o Toyoda Koki Kabushiki K. 




Kariya-shi, Aichi-ken (JP) 


Aichi-ken (JP) 


• 


Toyoda Koki Kabushiki Kaisha 


• Kato, Hiroaki c/o Toyoda Koki Kabushiki K. 




Kariya-shi, Aichi-ken (JP) 


Aichi-ken (JP) 


• 


Advics Co., Ltd. 


• Asano, Kenji 




Kariya-city, Aichl-pref. 448-8650 (JP) 


Aichi-ken (JP) 


(72) 


Inventors: 


(74) Representative: 


• 


Yasui, Yoshiyuki 12-203, Kanoko-cho 3-chome 


Leson, Thomas Johannes Alois, Dipl.-lng. 




Aichi-ken (JP) 


Tiedtke-BUhling-Kinne & Partner GbR, 


• 


Tanaka, Wataru 


TBK-Patent, 




Aichi-ken (JP) 


Bavariaring 4 






80336 Munchen (DE) 



(54) Motor-driven steering controller and automobile anti-skid controller 



00 
00 

lO 
CO 



CL 
LU 



(57) A motor-driven steering controller for control- 
ling a steering wheel (1) of a vehicle. The controller in- 
cludes a steering torque controlling unit (B0), a braking 
force estimating unit (B1), a right and left braking force 
difference estimating unit (B2) and an assist steering 
torque providing unit (B3). The steering torque control- 
ling unit (B0) controls a steering torque on the steering 
wheel depending (1) on a steering operation. The brak- 
ing force estimating unit (B1) estimates braking forces 
to be imposed on wheels of the vehicle. The right and 
left braking force difference estimating unit (B2) esti- 
mates difference between the braking forces to be im- 
posed on the right and left wheels each estimated by 
the braking forces estimating unit (B1 ). The assist steer- 
ing torque providing unit (B3) provides an assist steering 
torque for the steering torque controlling unit (B0) on the 
basis of the difference in braking force between right and 
left wheels estimated by the right and left braking force 
difference estimating unit (B2). 
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Description 

[0001] The present disclosure relates to the subject 
matter contained in Japanese Patent Application No. 
2002-104901 filed April 8, 2002, which is incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a motor-driven 
steering controller and more particularly to a motor-driv- 
en steering controller which provides assist steering 
torque depending on difference in braking force be- 
tween right and left wheels and an anti-skid controller 
including such a motor-driven steering controller. 

Background Art 

[0003] When braking sudden enough to cause anti- 
skid control is executed on a road where the frictional 
coefficient differs from right to left, i.e., so-called u. split 
road, the resulting braking force differs from right side 
to left side of a vehicle. The difference in braking force 
between the right and left sides causes generation of 
yaw moment that causes the vehicle to be deflected to- 
ward the higher road frictional coefficient side. On the u. 
slit surface of an actual road, snow or ice can be left on 
the edge of the road to reduce the frictional coefficient 
thereof while the asphalt on the central part of the road 
is dried or wet to have a raised frictional coefficient. 
When a vehicle having its right and left wheels posi- 
tioned on the edge of the road and on the central part 
of the road, respectively, is suddenly braked, the result- 
ing braking force is larger on the central part of the road, 
which has a large frictional coefficient, than on the edge 
of the road, which has a smaller frictional coefficient. As 
a result, yaw moment is developed on the vehicle to 
cause the vehicle to be deflected toward the central part 
of the road. 

[0004] In order to reduce yaw moment generated due 
to the difference in braking force between right and left, 
the operator needs to steer in a direction opposite the 
deflecting direction of the vehicle. This steering is known 
as counter-steering. However, this counter-steering re- 
quires some deal of skill. 

[0005] On the other hand, anti-skid control is normally 
arranged such that the braking force on the front wheels 
is subjected to yaw moment inhibition control while the 
braking force on the rear wheels is subjected to select 
low control to inhibit sudden yaw moment caused by the 
difference in braking force between right and left when 
sudden braking is executed on u. split road. The yaw mo- 
ment inhibition control is adapted to raise the time gra- 
dient of braking force on the wheel on high frictional co- 
efficient side (i.e., reduce the gradient of rise of braking 
force with respect to time) when the road is judged to 



be u. split road, to thereby inhibit the generation of sud- 
den yaw moment. The select low control is adapted to 
control the braking force on high frictional coefficient 
side according to the braking force on low frictional co- 
5 efficient side. Both the yaw moment inhibition control 
and the select low control reduce the braking force on 
high frictional coefficient side, giving a long braking dis- 
tance. 

[0006] In this respect, JP-A-8-1 83470 proposes a 
10 power steering device which reduces steering torque 
necessary for steering according to the difference in 
braking forces between right and left wheels to facilitate 
a counter-steering operation. It is specifically described 
that, when the difference in braking forces between the 
15 right and left wheels is sensed to be large while operat- 
ing the anti-skid controller, solenoid valves are control- 
led to control the hydraulic pressure to be supplied into 
a reaction variable mechanism in control valves so that 
the steering reaction to be imposed on the operation of 
20 the steering wheel by the reaction variable mechanism 
is reduced. 

[0007] JP-A-1 1-1 29,927 proposes the running wheel 
control structure of a motor-driven steering vehicle pro- 
vided with a torque steer inhibition controlling unit. In 

25 this, a problem is taken into account that when a vehicle 
having a right and left wheel control system on board is 
controlled such that driving forces (or braking forces) 
which are not equal from right to left are acted on the 
wheels to be steered (front wheels in ordinary vehicle), 

30 moment developed around the king pin by driving/brak- 
ing force differs from the right wheel to the left wheel 
when an ordinary suspension is used, causing a steer- 
ing kickback, loss of control over a steering wheel due 
to the turning of the wheels to be steered. 

35 [0008] The above cited official gazette describes an 
arrangement of the device as follows. That is, when 
there occurs difference in control value between the 
right and left wheel while the driving/braking force con- 
trol is separately executed over the right and left wheels, 

40 torque steer inhibition control signal is outputted to the 
motor-driven power steering device to cancel moment 
(torque steer) developed around the king pin due to the 
difference in driving force/braking force between the 
right and left wheels, making it possible to execute 

45 torque steer inhibition control in addition to ordinary as- 
sist control by the motor-driven power steering device. 

SUMMARY OF THE INVENTION 

50 [0009] The power steering device disclosed in the 
above cited JP-A-8-1 83470 is adapted to reduce steer- 
ing torque during counter-steering operation, making it 
easy for an operator who can execute counter-steering 
operation to operate the power steering device. Howev- 

55 er, the power steering device is not necessarily useful 
for ones who cannot operate counter-steering properly. 
[0010] The device disclosed in JP-A-1 1-1 29927 is 
adapted to execute torque steer inhibition control for 
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canceling moment (torque steer) developed around the 
king pin due to the difference in driving force/braking 
force between the right and left wheels. The king pin is 
the central axis of steering of wheel in the suspension 
having a steering system. There are a case where the 5 
grounding point of the king pin axis on the grounding 
surface of the wheel is inside the application point (pos- 
itive king pin offset) and a case where the grounding 
point of the king pin axis on the grounding surface of the 
wheel is outside the application point (negative king pin 
offset). For example, in the case where braking force on 
the left wheel is large and braking force on the right 
wheel is small, when the king pin offset is positive, mo- 
ment is acted on the right wheel causing the left wheel 
to take a left turn while moment is acted on the right 
wheel causing the right wheel to take a right turn. During 
this process, since braking force on the left wheel is larg- 
er than on the right wheel, torque is developed causing 
the wheel to take a left turn. This torque causes a steer- 
ing kickback (phenomenon that the wheel causes the 
steering wheel to rotate counterclockwise). In contrast, 
in the case of negative king pin offset, a moment acts 
on the left wheel causing the wheel to take a right turn 
while moment acts on the right wheel causing the wheel 
to take a right turn. During this process, the difference 
in braking force between the right and left wheels caus- 
es the development of moment causing the wheels to 
take a right turn. This torque causes loss of control over 
the steering wheel. 

[0011] Thus, regardless of whetherthe kingpin offset 
is positive or negative, the difference in braking force 
between the right and left wheels makes moments 
around the king pin unbalanced, causing the steering 
kickback i.e., torque steering. The device disclosed in 
the above JP-A-1 1 -1 29927 is aimed to inhibit this torque 
steering. In other words, the aforementioned device is 
aimed to prevent the steering kickback due to the differ- 
ence in braking force between the right and left wheels. 
It is arranged such that when there occurs difference in 
braking force between the right and left wheels during 
forward running, auxiliary torque corresponding to the 
difference in braking force between the right and left 
wheels is added to prevent the steering kickback, that 
is, to keep the steering wheel straight. It is certain that 
the negative king pin offset due to mechanical and ge- 
ometrical configuration of the suspension can steer the 
wheels and steering wheel in the direction opposite to 
the direction in which the vehicle is deflected by the dif- 
ference in braking force between the right and left 
wheels, by making the use of unbalance of torque 
around the king pin shaft. However, a complicated struc- 
ture is needed to realize a negative king pin offset by 
the configuration of suspension. 

[0012] The invention relates to a motor-driven steer- 
ing controller and its an aim is to facilitate counter-steer- 
ing operation for inhibiting the deflection of a vehicle to- 
ward high frictional coefficient side due to the difference 
inbraking force between the right and left wheels occur- 



ring when braking force is provided to the wheels on so- 
called u. split road. 

[0013] Another aim of the invention is to facilitate 
counter-steering operation during anti-skid control in the 
anti-skid controller of a vehicle provided with the afore- 
mentioned motor-driven steering controller, thereby 
making the effective use of braking force on high fric- 
tional coefficient side to reduce the braking distance. 
[001 4] In order to solve the aforementioned problems, 
the invention provides a motor-driven steering controller 
for controlling a steering wheel of a vehicle, including: a 
steering torque controlling unit for controlling a steering 
torque on the steering wheel depending on a steering 
operation of the vehicle; a braking force estimating unit 
for estimating braking forces to be imposed on wheels 
of the vehicle; a right and left braking force difference 
estimating unit for estimating difference between the 
braking forces to be imposed on the right and left wheels 
each estimated by the braking forces estimating unit; 
and an assist steering torque providing unit for providing 
an assist steering torque for the steering torque control- 
ling unit on the basis of the difference in braking force 
between right and left wheels estimated by the right and 
left braking force difference estimating unit 
[001 5] Preferably, the motor-driven steering controller 
further includes a vehicle stability controlling unit for 
controlling a stability of the vehicle depending on a 
traveling state of the vehicle. The assist steering torque 
providing unit is arranged so as to inhibit provision of 
the assist steering torque when the stability of the vehi- 
cle is controlled by the vehicle stability controlling unit. 
[001 6] Preferably, the assist steering torque providing 
unit is arranged so as to set the assist steering torque 
depending on a temporal variation in the difference be- 
tween the braking forces of the right and left wheels es- 
timated by the right and left braking force difference es- 
timating unit. 

[0017] Preferably, the assist steering torque providing 
unit is arranged so as to set the assist steering torque 
larger as a velocity of the vehicle increases. 
[0018] Preferably, the assist steering torque providing 
unit is arranged so as to set the assist steering torque 
larger when the vehicle takes a turn than when the ve- 
hicle goes straight ahead. 

[0019] The invention further provides an anti-skid 
controller in a vehicle including a motor-driven steering 
controller for controlling a steering wheel of the vehicle, 
wherein the motor-driven steering controller includes a 
steering torque controlling unit for controlling a steering 
torque on the steering wheel depending on a steering 
operation of the vehicle, a braking force estimating unit 
for estimating braking forces to be imposed on wheels 
of the vehicle, a right and left braking force difference 
estimating unit for estimating difference between the 
braking forces to be imposed on the right and left wheels 
each estimated by the braking forces estimating unit, 
and an assist steering torque providing unit for providing 
an assist steering torque for the steering torque control- 
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ling unit on the basis of the difference in braking force 
between right and left wheels estimated by the right and 
left braking force difference estimating unit The anti- 
skid controller includes: a control parameter setting unit 
for setting a first control parameter when provision of the 5 
assist steering torque by the assist steering torque pro- 
viding unit is not effected and for setting a second control 
parameter different from the first control parameter 
when provision of the assist steering torque by the assist 
steering torque providing unit is effected; and a braking w 
force controlling unit for control ling the braking forces to 
be imposed on the wheels depending on the first control 
parameter set by the control parameter setting unit and 
the second control parameter set by the control param- 
eter setting unit. 15 
[0020] Preferably, the control parameter setting unit 
is arranged so as to set the first control parameter to be 
a parameter for reduction control of yaw moment that 
causes a braking force for one of front wheels of the ve- 
hicle to rise slowly with time gradient when anti-skid con- 20 
trol begins on the other front wheel. The control param- 
eter setting unit is arranged so as to set the second con- 
trol parameter to be a parameter having a larger time 
gradient than the first control parameter or a parameter 
for inhibiting the reduction control of yaw moment. 25 
[0021] Preferably, the control parameter setting unit 
is arranged so as to set the first control parameter to be 
a select low control parameter for controlling a braking 
force on one of rear wheels of the vehicle in the same 
manner as on the other rear wheel when anti-skidbegins 30 
on the other rear wheel. Further, the control parameter 
setting unit is arranged so as to set the second control 
parameter to be a parameter for causing the braking 
force on the one of the rear wheels to rise with time gra- 
dient after a predetermined period of time of select low 35 
control. 

[0022] Preferably, the control parameter setting unit 
is arranged so as to set the second control parameter 
when the turning condition of the vehicle is not beyond 
a predetermined value. *o 
[0023] Preferably, the anti-skid controller further in- 
cludes a steering direction judging unit forjudging a di- 
rection of steering by the steering operation. The control 
parameter setting unit is arranged so as to inhibit the 
setting of the second control parameter when the steer- *5 
ing direction judging unit judges that steering is not 
made in the direction for a counter-steering operation 
regardless of the fact that a provision of assist steering 
torque by the assist steering torque providing unit is ef- 
fected, so 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The present invention may be more readily de- 
scribed with reference to the accompanying drawings, 55 
in which: 

Fig. 1 is a diagram illustrating the outline of a motor- 



driven steering controller according to an embodi- 
ment of implementation of the invention; 
Fig. 2 is a block diagram illustrating the system con- 
figuration according to the embodiment of imple- 
mentation of the invention; 
Fig. 3 is a control block diagram of the motor-driven 
steering controller according to the embodiment of 
implementation of the invention; 
Fig. 4 is a schematic diagram illustrating an anti- 
skid controlling system according to the embodi- 
ment of implementation of the invention; 
Fig. 5 is a flow chart illustrating the processing of 
counter-steering assist control in the embodiment 
of implementation of the invention; 
Fig. 6 is a flow chart illustrating the operation of 
counter-steering assist electric current instruction in 
the embodiment of implementation of the invention; 
Fig. 7 is a graph illustrating the characteristics of 
counter-steering assist steering torque in the em- 
bodiment of implementation of the invention ac- 
cording to the difference in braking force between 
the right and left wheels; 

Fig. 8 is a graph illustrating the characteristics of 
counter-steering assist steering torque in the em- 
bodiment of implementation of the invention ac- 
cording to the vehicle velocity; 
Fig. 9 is a flow chart illustrating the processing of 
anti-skid control in the case of execution of counter- 
steering assist control in the embodiment of imple- 
mentation of the invention: 

Fig. 10 is a graph illustrating the characteristics of 
brake fluid pressure in specific anti-skid control over 
the front wheels during counter-steering assist con- 
trol in the embodiment of implementation of the in- 
vention; 

Fig. 11 is a graph illustrating the characteristics of 
brake fluid pressure in specific anti-skid control over 
the rear wheels during counter-steering assist con- 
trol in the embodiment of implementation of the in- 
vention; and 

Fig. 12 is a flow chart illustrating the processing of 
counter-steering assist control in the embodiment 
of implementation of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] Embodiment of implementation of the inven- 
tion will be described hereinafter in connection with the 
attached drawings. Fig. 1 illustrates the outline of a mo- 
tor-driven steering controller (also referred to as "motor- 
driven power steering controller") according to an em- 
bodiment of implementation of the invention. The motor- 
driven steering controller is arranged as follows: Steer- 
ing torque acting on a steering shaft 2 according to the 
operator's operation on a steering wheel 1 is detected 
by a steering torque sensor TS. Steering angle is de- 
tected by a rotational angle sensor RS described later. 
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An EPS motor (electric motor) 3 is drive-controlled on 
the basis of these detection signals and vehicle velocity 
signal (represented by VS), to thereby steer the front 
wheels via a reduction gear 4 and a rack-and-pinion 5, 
reducing the operator* s power required to operate the 
steering wheel 1 . In particular, the motor-driven steering 
controller is arranged so as to provide steering torque 
according to the difference in braking force between 
right and left wheels, assisting the operation during 
counter-steering. The control overthe provision of assist 
steering torque according to the difference in braking 
force between right and left wheels will be hereinafter 
referred to as "counter-steering assist control". 
[0026] The motor-driven steering controlling unit 
ECU1 according to the present embodiment is provided 
with a steering torque control block BO for controlling 
steering torque on the steering wheel of a vehicle ac- 
cording to steering operation. The motor-driven steering 
controlling unit ECU1 is also provided with a braking 
force estimating block B1 for estimating braking force to 
be imposed on the various wheels of the vehicle, a right 
and left braking force difference estimating block B2 for 
estimating the difference between the braking force to 
be imposed on the right and left wheels on the basis of 
the braking force estimated by the braking force estimat- 
ing block B1 and an assist steering torque providing 
block B3 for providing an assist steering torque for the 
steering torque controlling block BO on the basis of the 
difference in braking force between right and left wheels 
estimated by the right and left braking force difference 
estimating block B2. The difference in braking force be- 
tween right and left wheels is the difference between 
braking force imposed on the left wheel of the vehicle 
and braking force imposed on the right wheel. As the 
former braking force there is used the sum of braking 
force imposed on the left front and rear wheels or brak- 
ing force imposed on the left front wheel. As the former 
braking force there is used the sum of braking force im- 
posed on the right front and rear wheels or braking force 
imposed on the right front wheel. 
[0027] In the braking force estimating block B1, sig- 
nals from fluid pressure sensors (typically represented 
by PS) and wheel velocity sensors (typically represent- 
ed by WS) provided on the wheels are used to estimate 
braking force developed on the wheels according to an 
equation of motion of wheel. In the right and left braking 
force difference estimating block B2, the difference in 
braking force between right and left wheels is calculat- 
ed. Since a specific unit concerning the estimation of 
braking force is described in JP-A-2000-108863, a de- 
tailed description for that is omitted herein. Further, in 
the assist steering torque providing block B3, assist 
steering torque is determined to be provided according 
to the difference in braking force between right and left 
wheels . Corresponding to this torque, electric current 
instruction is then determined. Electric current instruc- 
tion required to assist counter-steering (counter-steer- 
ing assist electric current instruction) is then added to 



electric current instruction determined by an ordinary 
motor-driven steering controller (EPS) (hereinafter re- 
ferred to as "EPS electric current instruction") to control 
EPS motor 3. In the present embodiment, an anti-skid 
5 controlling unit ECU2 is further provided. The anti-skid 
controlling unit ECU2 is connected to the aforemen- 
tioned motor-driven steering controlling unit ECU1 in the 
following manner. 

[0028] Fig. 2 illustrates the system configuration of the 

w present embodiment. The motor-driven steering con- 
trolling system and the anti-skid controlling system are 
connected to each other via a communication bus so 
that mutual system data can be shared between the two 
systems. In the motor-driven steering controlling sys- 

15 tern, to the motor-driven steering controlling unit ECU1 
including a CPU, a ROM and a RAM for motor-driven 
steering control is connected to a steering torque sensor 
TS and a rotational angle sensor RS and to an EPS mo- 
tor 3 via a motor driving circuit MA. In the anti-skid con- 

20 trolling system, on the other hand, to an anti-skid con- 
trolling unit ECU2 including a CPU, a ROM and a RAM 
for anti-skid control is connected to a wheel velocity sen- 
sor WS, a fluid pressure PS and a stop switch ST, and 
to solenoid valves PC1 to PC8 via a solenoid driving cir- 

25 cuit SA. The motor-driven steering controlling unit ECU1 
and the anti-skid controlling unit ECU2 are each con- 
nected to the communication bus via a communication 
unit including a CPU, a ROM and a RAM for communi- 
cation. Thus, in the anti-skid controlling system, data on 

30 braking force developed in the various wheels are ob- 
tained, and the difference in braking force between right 
and left wheels is calculated on the basis of the data, in 
the motor-driven steering controlling system, counter- 
steering assist control is effected. Data on vehicle ve- 

35 locity required for the motor-driven steering control also 
can be transmitted from the anti-skid controlling system. 
[0029] Fig. 3 is a control block diagram of the motor- 
driven steering controller. In the blocks A1 to A4, an as- 
sist control, a torque inertia compensation control, a 

40 steering return control and a damper compensation con- 
trol are executed on the basis of a steering torque and 
a vehicle velocity signal to determine an electric current 
instruction value for driving the EPS motor 3. Referring 
to the assist control in the block A1 , a torque assist for 

45 reducing the operator's power required to operate the 
steering wheel 1 is effected. Referring to the torque in- 
ertia compensation control in the block A2, a control is 
effected to compensate response delay due to inertia of 
the EPS motor 3. Referring to steering return control in 

50 the block A3, a control is effected to improve return of 
the steering wheel 1 to the neutral point. Referring to 
damper compensation control in the block A4, control is 
effected to inhibit overreturn of the steering wheel 1 and 
improve the convergence of the steering wheel 1 . In the 

55 case where as the EPS motor 3 there is used a brush- 
less DC motor as in the present embodiment, the EPS 
motor 3 is provided with a rotational angle sensor RS by 
which steering angle is determined for EPS control and 
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operation in the block AO. For example, the rack and 
pinion 5 may be provided with a steering angle sensor 
to give a detection signal on the basis of which steering 
angle is then determined. 

[0030] Fig. 4 is a diagram illustrating a brake system 
including an anti-skid controlling system. The anti-skid 
controlling system includes solenoid valves (PC1 to 
PC8), fluid pressure pump HP1 and HP2, a motor M, 
reservoirs RS1 andRS2, wheel velocity sensors (WS1 
to WS4), and fluid pressure sensors (PS1 to PS6). In 
Fig. 4, the solenoid valves PC1 to PC8, etc. are provided 
interposed between a master cylinder MC and wheel 
cylinders Wfr, Wfl, Wrr and Wrl. In other words, on the 
fluid pressure paths connecting between one of the out- 
put ports of the master cylinder MC and the wheel cyl- 
inders Wfr and Wrf, respectively, are provided normally- 
open solenoid valves PC1 and PC7, respectively. To the 
middle point on the path between the solenoid valves 
PC1 and PC7 and the master cylinder MC is connected 
the discharge side of the fluid pressure pump HP1 . Sim- 
ilarly, on the fluid pressure paths connecting between 
the other output port of the master cylinder MC and the 
wheel cylinders Wfl andWrr, respectively, are provided 
normally-open solenoid valves PC3 and PC5, respec- 
tively. To the middle point on the path between the so- 
lenoid valves PC3 and PCS and the master cylinder MC 
is connected the discharge side of the fluid pressure 
pump HP2. The fluid pressure pumps HP1 and HP2 are 
each driven by the electric motor M. When these pumps 
are operated, a brake fluid the pressure of which has 
been raised to a predetermined value is supplied into 
the aforementioned fluid pressure paths. 
[0031] The wheel cylinders Wfr and Wfl are connect- 
ed to normally-open solenoid valves PC2 and PC8, re- 
spectively. These solenoid valves each have a reservoir 
RS1 provided downstream and are connected to the 
suction side of the fluid pressure pump H1 . Similarly, the 
wheel cylinders Wfl and Wrr are connected to normally- 
open solenoid valves PC4 and PC6, respectively. These 
solenoid valves each have a reservoir RS2 provided 
downstream and are connected to the suction side of 
the fluid pressure pump H2. The reservoirs RS1 and 
RS2 each have a piston and a spring and receive the 
brake fluid for the various wheel cylinders discharged 
via the solenoid valves PC2 and PC4 and the solenoid 
valves PC6 and PC8, respectively. 
[0032] The solenoid valves PC1 to PC8 each are a 
two-port and two-position electromagnetic switching 
valve. When the solenoid coil of these valves are not 
energized, these valves are in first position shown in Fig. 
4 so that the wheel cylinders Wfr, Wfl, Wrr and Wrl are 
communicated to the master cylinder MC. When the so- 
lenoid coil of these valves are energized, these valves 
are in second position so that the wheel cylinders Wfr, 
Wfl, Wrr and Wrl are disconnected from the master cyl- 
inder MC but communicated to the reservoir RS1 or 
RS2. A check valve CV is adapted to allow the reflux 
from the wheel cylinders Wfr, WfL Wrr and Wrl to the 



master cylinder MC but shut down the reverse flow. In 
Fig. 4, OR indicates an orifice, D indicates a damper, 
HB indicates a booster, and BP indicates a brake pedal. 
ST indicates a stop switch which is ON when the brake 

5 pedal is operated. 

[0033] By controlling such that the solenoid coil of 
these solenoid valves PC1 to PC8 are energized or 
deenergized, the pressure of the brake fluid in the wheel 
cylinders Wfr, Wfl, Wrr and Wrl can be raised, reduced 

w or kept. In other words, when the solenoid coil of the 
solenoid valves PC1 to PC8 are not energized, a brake 
fluid is supplied into the wheel cylinders Wfr, Wfl, Wrr 
and Wrl from the master cylinder MC and the fluid pres- 
sure pump HP1 or HP2 to raise the pressure in these 

is wheel cylinders. When the solenoid coil of the solenoid 
valves PC1 to PC8 are energized, the wheel cylinders 
Wfr, Wfl, Wrr and Wrl are communicated to the reservoir 
RS1 or RS2to reduce their pressure. When the solenoid 
valve of the solenoid valves PC1 , PC3, PC5 and PC7 

20 are energized but the solenoid coil of the other solenoid 
valves are not energized, the brake fluid pressure in the 
wheel cylinders Wfr, Wfl, Wrr and Wrl are kept. Accord- 
ingly, by adjusting the duty ratio according to the condi- 
tion of the wheels and repeating the energization/deen- 

25 ergization of the aforementioned solenoid coils accord- 
ing to the duty ratio, fluid pressure control in pulse pres- 
sure increase mode (also referred to as "step pressure 
increase mode") can be effected to slowly increase the 
pressure. In pulse pressure increase mode, control can 

30 be effected to slowly reduce the pressure. 

[0034] The aforementioned solenoid valves PC1 to 
PC8 are connected to the anti-skid controlling unit ECU2 
so that their solenoid coils are controlled to be energized 
or deenergized. The electric motor M, too, is connected 

35 to the anti-skid controlling unit ECU2 so that it is con- 
trolled to be driven. The fluid pressure in the wheel cyl- 
inders may be controlled by linear valves (not shown) 
instead of the solenoid valves PC1 to PCS. In order to 
generate braking force, a motor or the like may be used 

to to provide a mechanical braking force (not shown) with- 
out using brake fluid pressure. 

[0035] Fig. 5 is a flow chart illustrating the processing 
of counter-steering assist control in the aforementioned 
configuration of motor-driven steering controller. Firstly, 

45 initialization is executed at step 1 01 . At step 1 02, sensor 
signal is inputted. At step 103, necessary signal from 
the communication bus is read. At step 104, filtering and 
various signal processings necessary for control are ex- 
ecuted. At step 1 05, the EPS electric current instruction 

50 value necessary for ordinary motor-driven steering con- 
trol is determined on the basis of these signals. 
[0036] Subsequently, at step 106, it is judged to see 
if counter-steering assist control has been already exe- 
cuted. If counter-steering assist control has been al- 

55 ready executed, the process proceeds to step 107 
where control termination is then judged. If counter- 
steering assist control is not executed, the process pro- 
ceeds to step 1 08 where control start is judged. At step 
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1 08, it is judged to see if the conditions are satisfied that 
the vehicle is being braked (stop switch ST is kept ON), 
the difference in braking force between right wheel and 
left wheel is not smaller than a predetermined value and 
the vehicle velocity is not smaller than a predetermined 5 
value. If the conditions are satisfied, the process pro- 
ceeds to step 1 09 where counter-steering assist control 
is executed. 

[0037] At step 1 07, control termination is judged. That 
is, if any of the conditions that the vehicle is not being 
braked (stop switch ST is kept OFF), the difference in 
braking force between the right wheel and the left wheel 
falls below a predetermined value and the vehicle ve- 
locity falls below a predetermined value is satisfied, 
counter-steering assist control is terminated. The proc- 
ess then proceeds to step 1 1 0. If counter-steering assist 
control is initiated or continues, the process proceeds to 
step 1 09 where counter-steering assist electric current 
instruction is calculated. At step 110, this instruction is 
added to EPS instruction to control EPS motor 3. 
[0038] Fig. 6 illustrates the operation of counter-steer- 
ing assist electric instruction executed at step 1 09. First- 
ly, at step 201 , the direction in which counter-steering is 
to be effected is judged on the basis of braking force on 
the various wheels detected by the anti-skid controlling 
system. If the braking force on the right wheel is larger 
than the braking force on the left wheel, it is judged that 
counter-steering in the right turning direction is neces- 
sary. In contrast, if the braking force on the left wheel is 
larger than the braking force on the right wheel, it is 
judged that counter-steering in the left turning direction 
is necessary. Subsequently, at step 202, the difference 
in braking force between right wheel and left wheel is 
calculated. Further, at step 203, the change of the dif- 
ference in braking force between right wheel and left 
wheel with time is calculated. At step 204, the steering 
torque necessary for counter-steering assist is calculat- 
ed on the basis of these results of calculation At step 
205, the value for counter-steering assist electric current 
instruction is calculated on the basis of the results of 
calculation. 

[0039] The counter-steering assist steering torque 
(hereinafter simply referred to as "assist steering 
torque") calculated at step 204 is set to be larger as the 
difference in braking force between right and left wheels 
increases and the rate of temporal variation of the dif- 
ference in braking force between right and left wheels 
increases as shown in Fig. 7. Since the assist steering 
torque is set to have an upper limit of Tau as shown in 
Fig. 7, the operator can override steering operation even 
if erroneous calculation is executed. When the vehicle 
velocity is large, the variation of yaw moment due to the 
difference in braking force between right and left wheels 
is large, making it difficult for the operator to cope with 
these difficulties, it is therefore preferably arranged such 
that assist steering torque increases with the rise of ve- 
hicle velocity as shown in Fig. 8. 

[0040] The process thus proceeds to step 205 where 



corresponding electric current instruction value is deter- 
mined according to the steering torque necessary for 
counter-steering assist. This counter-steering electric 
current instruction value is then added to EPS electric 
current instruction value to control the EPS motor 3. 
Since steering torque is added in the direction of coun- 
ter-steering, the steering wheel is operated in the coun- 
ter-steering direction according to the difference in brak- 
ing force between right and left wheels. Accordingly, an 
operator who cannot execute proper counter-steering 
can easily execute counter-steering. 
[0041] As mentioned above, the counter-steering as- 
sist control by the provision of steering torque makes it 
possible to secure the directional stability of the vehicle 
during braking on u, split road. Thus, anti-skid control 
can be properly executed, making it possible to improve 
braking performance of the vehicle. An ordinary anti- 
skid control is executed such that yaw moment is inhib- 
ited on the front wheels and select low control is execut- 
ed on the rear wheels for the purpose of securing the 
vehicle stability during anti-skid control on u. split road. 
Both the controls are adapted to inhibit the braking force 
on high u, side where braking force can be afforded and 
reduce yaw moment that induces vehicle instability. The 
counter-steering assist control can be executed to se- 
cure vehicle stability by steering. By properly setting an- 
ti-skid control parameters, both vehicle stability and 
braking performance can be secured. 
[0042] Fig. 9 illustrates the processing of anti-skid 
control during the execution of counter-steering assist 
control. Firstly, at step 301 , initialization is executed. At 
step 302, a sensor signal is inputted. At step 303, a com- 
munication signal from the communication bus is read. 
The communication signal is a steering angle signal to 
be provided for control flag of counter-steering assist 
control and motor-driven steering control. Subsequent- 
ly, at step 304, filtering and various signal processings 
necessary for control are executed. At step 305, control 
parameter necessary for ordinary anti-skid control (i.e., 
first control parameter) is set. 

[0043] Subsequently, at step 306, it is judged to see 
if counter-steering assist control is being executed. If it 
is judged that counter-steering assist control is being ex- 
ecuted, the process proceeds to step 307 where a spe- 
cific parameter (i.e., second control parameter) is then 
set. The process then proceeds to step 308. If it is 
judged that counter-steering assist control is not being 
executed, the process proceeds to step 308 with the first 
control parameter set at step 305. At step 308, anti-skid 
control is then executed. If counter-steering assist con- 
trol is executed, the directional stability of the vehicle is 
secured by steering. Accordingly, the second control pa- 
rameter is predetermined to make the effective use of 
braking force on the side having a high road frictional 
coefficient to reduce the braking distance. The specific 
control parameter on the front and rear wheels (second 
control parameter) will be described hereinafter. 
[0044] Fig. 1 0 illustrates specific anti-skid control over 
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the front wheels during counter-steering assist control. 
When the operator works a brake pedal BP at time TO, 
the master cylinder fluid pressure rises from 0 to Pm as 
shown by the broken line. When the front wheel on low 
|x side reaches its frictional limit, e.g., at time T1 , anti- 
skid control is then executed. At this point, the front 
wheel on high u. side is subjected to yaw moment inhi- 
bition control so that the master cylinder fluid pressure 
rises slowly from Pfl to Pfh as shown by the one-dotted 
chain line in Rg. 10 with such a time gradient that no 
unnecessary yaw moment is generated. In contrast, if 
counter-steering inhibition control is executed, control 
is executed such that the fluidpressure rises from Pfl to 
Pfh as shown by the two-dotted chain line in Fig. 1 0 with 
a largely-set time gradient because yaw moment inhibi- 
tion is executed by steering. Further, yaw moment inhi- 
bition control may be inhibited. In this case, the brake 
fluid pressure on high u. side wheel rises similarly to the 
master cylinder fluid pressure. 

[0045] Fig. 11 illustrates specific anti-skid control over 
the rear wheels during counter-steering assist control. 
In general, in select low control, if anti-skid control be- 
gins on low u side wheel at time T1 , high u, side wheel 
is subjected to the same anti-skid control as low u. side 
wheel is. Thus, the brake fluid pressure on high u. side 
wheel is limited in the same manner as low \± side wheel 
is. In contrast, if counter-steering assist control is exe- 
cuted, select low control is executed for only a prede- 
termined period of time (between T1 and T2 in Fig. 11) 
to inhibit sudden yaw change in the initial stage of brak- 
ing. Thereafter, control is executed such that the fluid 
pressure gradually rises with a time gradient as shown 
by the two-dotted chain line. If the vehicle velocity is 
large t the period for executing the select low control is 
set to be long, and/or the time gradient of rise of brake 
fluid pressure on high u. side is set to be low, in order to 
further secure the vehicle stability. 
[0046] It is further necessary to take into account the 
situation in which, if counter-steering assist control is ex- 
ecuted, the operator hold the steering wheel 1. Fig. 12 
illustrates the processing to be executed if at step 307 
in Fig. 9, specific anti-skid control is executed during 
counter-steering assist control as shown in Figs. 1 0 and 
11, i.e., on the basis of the second control parameter. 
Firstly, at step 401, the operator's steering operation 
during counter-steering assist control is detected on the 
basis of steering angle signal. At step 402, the turning 
condition of the vehicle is judged. The process then pro- 
ceeds to steps 403 and 404. If the operator does not 
execute counter-steering operation even during coun- 
ter-steering assist control, or if the turning condition of 
the vehicle is beyond a predetermined value, the proc- 
ess then returns to the routine in Fig. 9 where ordinary 
anti-skid control (first control parameter) is then execut- 
ed. In contrast, if the operator executes counter-steering 
operation at steps 403 and 404 and if the turning condi- 
tion of the vehicle is judged to be not beyond a prede- 
termined value, the process proceeds to steps 405 and 



406 where the same specific control parameter (second 
control parameter) as mentioned above is then set. 
[0047] Since the turning of the vehicle is accompanied 
by the shift of load between the right and left wheels, 
s there occurs a difference in braking force between the 
right and left wheels during anti-skid control even rf there 
is no difference in road frictional coefficient between the 
right and left wheels. Therefore, the present embodi- 
ment is arranged such that if load shift due to turning 
10 makes difference in braking force between the right and 
left wheels, counter-steering assist control is not exe- 
cuted. Which the difference in braking force is attributed 
to load shift or difference in road frictional coefficient can 
be judged by the turning condition and the brake fluid 
15 pressure. The turningcondition of the vehicle can be cal- 
culated from the steering angle and vehicle velocity. If 
there are provided a yaw rate sensor and a transverse 
acceleration sensor, these sensor signals may be uti- 
lized. Therefore, load shift can be determined from the 
20 turning condition. It can be judged from the fluid pres- 
sure sensor signal to see which anti-skid control has 
been executed due to load shift or reduction of road fric- 
tional coefficient. In other words, it is judged to see which 
the difference in braking force between the right and left 
wheels during turning has occurred due to load shift 
alone or difference In road frictional coefficient between 
the right and left wheels. 

[0048] The difference in braking force between the 
right and left wheels due to load shift occurs when the 
turning condition of the vehicle increases (when the 
transverse acceleration increases). However, when the 
difference in braking force between the right and left 
wheels occurs due to difference in road frictional coeffi- 
cient between the right and left wheels, the turning con- 
dition of the vehicle doesn't increase (the vehicle cannot 
take a turn with excessive transverse acceleration) be- 
cause one of the wheels is on low u. side. Accordingly, 
a simple arrangement may be made such that if the turn- 
ing of the vehicle occurs with a transverse acceleration 
of not lower than a predetermined value, it is judged that 
some difference in braking force between the right and 
left wheels due to load shift has occurred and counter- 
steering assist control is not executed. 
[0049] In the case where the vehicle is taking a turn 
and there occurs a difference in road u. between the right 
and left wheels (turning u, split), if the outer wheel on the 
turning curve is positioned on low u, road, braking caus- 
es the drop of side force and causes the vehicle to shift 
outwardly from the turning curve. Further, the difference 
in braking force between the right and left wheels makes 
it easy for both the rear wheels to ride on low u. road 
side, occasionally rendering the vehicle extremely un- 
stable. When the inner wheel on the turning curve is po- 
sitioned on low u. road, both side force drop and differ- 
ence in braking force between the right and left wheels 
act to cause the vehicle to shift outwardly from the turn- 
ing curve. Therefore, in the case of turning u, split, it is 
preferable that the amount of counter-steering assist 
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control be predetermined to be larger than during for- 
ward running. In this case, the controlled amount of 
steering torque to be provided is preferably predeter- 
mined according to the turning condition. 
[0050] While the present embodiment has been de- 
scribed with reference to the case where the difference 
in braking force between the right and left wheels is de- 
tected by the fluid pressure sensor PW provided on the 
wheel cylinder of the wheels, the invention is not limited 
thereto. For example, the brake fluid pressure on the 
various wheels may be determined from the detection 
signals from the fluid pressure sensors PS1 and PS2 of 
the master cylinder MC and the driven state of the so- 
lenoid valves PC1 to PC8 to estimate the difference in 
braking force between the right and left wheels. 
[0051] A vehicle provided with a vehicle stability con- 
trolling unit such as vehicle having a motion controller 
disclosed in JP-A-9-301148 intentionally controls the 
difference in braking force between the right and left 
wheels to generate yaw moment for stabilizing the ve- 
hicle during vehicle stability control. However, since 
counter-steering assist control acts to inhibit yaw mo- 
ment caused by the difference in braking force between 
the right and left wheels, the two controls have opposing 
effects. Accordingly, if vehicle stability control is execut- 
ed, it is preferred that counter-steering control be not 
executed. The present embodiment is arranged such 
that if vehicle stability control by a vehicle stability con- 
trolling unit is executed, the provision of assist steering 
torque is inhibited. 

[0052] Being arranged as mentioned above, the in- 
vention has the following advantages. In some detail, 
steering torque is added in the counter-steering direc- 
tion by an assist steering torque providing unit, making 
it assured that the steering wheel can be operated in the 
counter-steering direction according to the difference in 
braking force between the right and left wheels. Accord- 
ingly, even an operator who cannot operate proper 
counter-steering can easily executed counter-steering. 
[0053] In the case where a vehicle stability controlling 
unit is provided, counter-steering assist control is not ex- 
ecuted, making it possible to control vehicle stability 
properly. 

[0054] The aforementioned assist steering torque 
providing unit executes proper counter-steering accord- 
ing to the operational condition of the vehicle. 
[0055] Referring to the anti-skid controller of the ve- 
hicle provided with a motor-driven steering controller, 
counter-steering can be easily executed during anti-skid 
control and the braking force on high f rictional coefficient 
side can be made the best use of, making it possible to 
reduce the braking distance. 

[0056] Further, by using the control parameter setting 
unit, anti-skid control can be properly executed accord- 
ing to the operational state of the vehicle. 
[0057] Further, by using the system having the steer- 
ing direction judging unit and the aforementioned control 
parameter setting unit, anti-skid control can be properly 



executed according to the turning condition of the vehi- 
cle. 



5 Claims 

1. A motor-driven steering controller for controlling a 
steering wheel of a vehicle, comprising: 

io a steering torque controlling unit for controlling 

a steering torque on the steering wheel de- 
pending on a steering operation of the vehicle; 
a braking force estimating unit for estimating 
braking forces to be imposed on wheels of the 
15 vehicle; 

a right and left braking force difference estimat- 
ing unit for estimating difference between the 
braking forces to be imposed on the right and 
left wheels each estimated by the braking fore- 
go es estimating unit; and 

an assist steering torque providing unit for pro- 
viding an assist steering torque for the steering 
torque controlling unit on the basis of the differ- 
ence in braking force between right and left 
25 wheels estimated by the right and left braking 

force difference estimating unit. 

2. The motor-driven steering controller as claimed in 
claim 1 , further comprising: 

30 

a vehicle stability controlling unit for controlling 
a stability of the vehicle depending on a 
traveling state of the vehicle; 

35 wherein the assist steering torque providing 

unit is arranged so as to inhibit provision of the as- 
sist steering torque when the stability of the vehicle 
is controlled by the vehicle stability controlling unit. 

40 3. The motor-driven steering controller as claimed in 
claim 1 , wherein the assist steering torque providing 
unit is arranged so as to set the assist steering 
torque depending on a temporal variation in the dif- 
ference between the braking forces of the right and 
45 left wheels estimated by the right and left braking 
force difference estimating unit. 

4. The motor-driven steering controller as claimed in 
claim 1 , wherein the assist steering torque providing 

so unit is arranged so as to set the assist steering 
torque larger as a velocity of the vehicle increases. 

5. The motor-driven steering controller as claimed in 
claim 1 , wherein the assist steering torque providing 

55 unit is arranged so as to set the assist steering 
torque larger when the vehicle takes a turn than 
when the vehicle goes straight ahead. 
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6. An anti-skid controller in a vehicle including a motor- 
driven steering controller for controlling a steering 
wheel of the vehicle, wherein the motor-driven 
steering controller includes a steering torque con- 
trolling unit for controlling a steering torque on the 5 
steering wheel depending on a steering operation 

of the vehicle, a braking force estimating unit for es- 
timating braking forces to be imposed on wheels of 
the vehicle, a right and left braking force difference 
estimating unit for estimating difference between 10 
the braking forces to be imposed on the right and 
left wheels each estimated by the braking forces es- 
timating unit, and an assist steering torque provid- 
ing unit for providing an assist steering torque for 
the steering torque controlling unit on the basis of 15 
the difference in braking force between right and left 
wheels estimated by the right and left braking force 
difference estimating unit; the anti-skid controller 
comprising: 

20 

a control parameter setting unit for setting a first 
control parameter when provision of the assist 
steering torque by the assist steering torque 
providing unit is not effected and for setting a 
second control parameter different from the first 25 
control parameter when provision of the assist 
steering torque by the assist steering torque 
providing unit is effected; and 
a braking force controlling unit for controlling 
the braking forces to be imposed on the wheels 30 
depending on the first control parameter set by 
the control parameter setting unit and the sec- 
ond control parameter set by the control param- 
eter setting unit. 

35 

7. The anti-skid controller as claimed in claim 6, 

wherein 

the control parameter setting unit is arranged 
so as to set the first control parameter to be a pa- 
rameter for reduction control of yaw moment that 40 
causes a braking force for one of front wheels of the 
vehicle to rise slowly with time gradient when anti- 
skid control begins on the other front wheel; and 

the control parameter setting unit is arranged 
so as to set the second control parameter to be a *s 
parameter having a larger time gradient than the 
first control parameter or a parameter for inhibiting 
the reduction control of yaw moment. 

8. The anti-skid controller as claimed in claim 6, so 

wherein 

the control parameter setting unit is arranged 
so as to set the first control parameter to be a select 
low control parameter for controlling a braking force 
on one of rear wheels of the vehicle in the same ss 
manner as on the other rear wheel when anti-skid 
begins on the other rear wheel; and 

the control parameter setting unit is arranged 



so as to set the second control parameter to be a 
parameter for causing the braking force on the one 
of the rear wheels to rise with time gradient after a 
predetermined period of time of select low control. 

9. The anti-skid controller as claimed in claim 7, 
wherein the control parameter setting unit is ar- 
ranged so as to set the second control parameter 
when the turning condition of the vehicle is not be- 
yond a predetermined value. 

10. The anti-skid controller as claimed in claim 8, 
wherein the control parameter setting unit is ar- 
ranged so as to set the second control parameter 
when the turning condition of the vehicle is not be- 
yond a predetermined value. 

1 1 . The anti-skid controller as claimed in claim 6, further 
comprising a steering direction judging unit forjudg- 
ing a direction of steering by the steering operation; 

wherein 

the control parameter setting unit is arranged 
so as to inhibit the setting of the second control pa- 
rameter when the steering direction judging unit 
judges that steering is not made in the direction for 
a counter-steering operation regardless of the fact 
that a provision of assist steering torque by the as- 
sist steering torque providing unit is effected. 
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